INTRODUCTION {#sec1-1}
============

One of the most important uses of pure chromium is for electroplating for a wide range of equipment such as tools, plugs, rolls, drum dryers, chemical equipment, electric appliances, gears, food machinery, pans, and packing machinery. Sodium dichromate is used for dyeing, tanning of leather, and preservation of wood, and most of the chromium chemicals are manufactured from it. Health effects of exposure to chromium reported by various studies are eye, nose, and throat irritation, nasal septum ulcerations and perforations, gastritis, gastrointestinal ulcers, contact dermatitis, ulcers, and sensitization from skin contact. Hard chromium has been found to be associated with lung cancer and nasal and sinus cancers.\[[@ref1]\] Inhalation of dust and fumes arising during the manufacture of sodium dichromate from chrome ore, chromic acid mist emitted during electroplating, and skin contact with chromate produce hazards to workers. Skin ulcers are caused by penetration of chromates through cuts and abrasions, usually at the root of fingernails and knuckles of hands. These ulcers are circular in shape, the edge is raised and hard, the base is covered with exudates and look as if punched out; hence, the name chrome holes. Compounds of chrome also cause primary skin irritation and sensitization leading to dermatitis. Mucous membrane of the nose is commonly affected in which perforation of the nasal septum occurs. These perforations are preceded by ulceration. Irritation and rhinorrhea are the usual symptoms.\[[@ref2]\]

Objectives of study {#sec2-1}
-------------------

To elucidate the prevalence of skin and mucous membrane disorders among the workmen engaged in the sodium dichromate manufacturing industry and chrome plating industryTo know the relationship of prevalence with the duration of exposure to chrome mist, dust, and fumes.

MATERIALS AND METHODS {#sec1-2}
=====================

The study was conducted among the workers engaged in sodium dichromate manufacturing and chrome plating from several industries situated near the Delhi-Haryana border in the districts of Faridabad in Haryana, India and Sonepat in Haryana, India from January 01, 2014 to December 31, 2014. The study population comprised workers who were doing work on chrome tank in chrome plating and workers engaged in any procedure for the production of sodium dichromate. All the workers from the concerned industries for the study were examined. A total of 130 workers comprising 66 workers from the sodium dichromate manufacturing industry and 64 workers from the chrome plating industry were examined. At the onset of study, the owner(s) or management of the factory was approached and their active cooperation was ensured. Further the workers were contacted and were explained about the study. They were requested to cooperate and in order to secure their cooperation, curative treatment for minor ailments was provided by the investigator and required cases were referred to the tertiary care specialized hospital for further treatment and follow-up. The study was conducted using a pretested schedule by direct interview and medical examination of each available worker.

Questions in *pro forma* were intended to elicit the information regarding present history, occupational history (present and past), history of symptoms pertaining to the skin and nose, and history about the usage of protective measures. Age was recorded in the completed number of years as on last birth day. During the study, it was found that there were few workers who had worked in other industries in a similar type of job before joining the present job. Hence, the total duration was arrived at in these cases by adding the years spent in previous industries to the years spent in the present industry. Workers were interviewed for symptoms pertaining to skin irritation, rash, and ulcers while they were exposed to the present occupation. Similarly, workers were interviewed for symptoms pertaining to nose-like irritation and rhinorrhea, nasal bleeding, change in the character of voice, and loss of sense of smell. Lesions were graded as stage I (redness and congestion of mucosa), stage II (blanched and anemic mucosa), stage III (necrosis shown by the adherent crust), and stage IV (perforation stage).\[[@ref1][@ref2]\] Workers were also interviewed about the provision of protective measures such as hand gloves, mask, barrier cream, protective clothing, and their usage. A thorough clinical examination was performed on each worker and the findings were recorded in a standardized manner. The information thus obtained was entered in an Excel sheet and analyzed using Epi info 7 software.

RESULTS {#sec1-3}
=======

The study was conducted among workers engaged in sodium dichromate manufacturing and chrome plating from several industries near the Delhi-Haryana border in districts of Faridabad in Haryana, India and Sonepat in Haryana, India. The study consisted of interview with workers and clinical examination. Sixty-six and 64 workers were examined from the sodium dichromate manufacturing and chrome plating industry, respectively, and data regarding these workers were analyzed.

All the workers were males and of the adult age group.

It was observed from [Table 1](#T1){ref-type="table"} that the percentage of workers was more in the sodium dichromate industry as compared to the chrome plating industry with a duration of up to 5 years and vice versa with a duration of 10+ years. It was also observed that the number of workers decreased in both the processes with an increase in the duration of exposure.

###### 

Distribution of workers according to duration of exposure
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As evident from [Table 2](#T2){ref-type="table"}, the most commonly found symptom was nasal irritation and rhinorrhea in both the sodium dichromate manufacturing industry and chrome plating industry. About 9% of the workers had nasal bleeding in both the industries. Only 6.06% and 3.12% workers had skin ulcers in the sodium dichromate manufacturing industry and chrome plating industry, respectively. No worker had irritation or rash in the skin, change in the character of voice, or loss of sense of smell in both the processes. Both the processes had similar risks with no significant difference.

###### 

Distribution of workers according to symptoms

![](IJOEM-19-129-g002)

It was observed that 69.69% and 56.22% of the workers had disorders of the nasal mucous membrane, and 42.42% and 28.11% of the total workers had perforation of the nasal septum in the sodium dichromate manufacturing industry and chrome plating industry, respectively \[Refer Tables [3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}\]. Both the processes had similar risks with no significant difference.

###### 

Distribution of workers according to abnormalities of the nasal mucous membrane
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###### 

Distribution of workers according to abnormalities of the nasal mucous membrane as per duration of exposure in sodium dichromate manufacturing

![](IJOEM-19-129-g004)

Nasal perforation was present in 22.22% and 30.77% of the workers with a duration of 0--5 years in the sodium dichromate manufacturing industry and chrome plating industry, respectively, as depicted in [Table 5](#T5){ref-type="table"}.

###### 

Distribution of workers according to abnormalities of the nasal mucous membrane as per duration of exposure in chrome plating

![](IJOEM-19-129-g005)

72.72% had nasal perforation with a duration 5--10 years in the sodium dichromate manufacturing industry while only 9.09% had nasal perforation In the same duration exposure group in the chrome plating industry. 50% had nasal perforation with a duration of 10+ years in both the groups. The duration of exposure was significantly associated with both the processes. Risk increased with increase in duration of years of exposure in both the processes. In chromium manufacturing industry, workers had nasal perforation with an exposure of 3--4 months and did not have perforation even with an exposure of more than 10 years. It might be due to the development of immunity if the first few months are passed without ulceration.

It was observed that 90.62% workers were using hand gloves in the chrome plating industry while only 48.48% were using hand gloves in the sodium dichromate manufacturing industry. Use of gloves gave significance protection. 37.50% and 27.27% were using masks in the sodium dichromate manufacturing industry and chrome plating industry, respectively. 40.65% and 12.50% workers were using protective clothing and barrier cream in chrome plating while no worker was using protective clothing and barrier cream sodium dichromate manufacturing. Hand washing with soap was done by all workers in both the processes.

DISCUSSION {#sec1-4}
==========

The present study was conducted among the workers engaged in the sodium dichromate manufacturing industry and chrome plating industry. Objectives of the study were to find prevalence of skin and nasal mucous membrane disorders and to know the relationship of prevalence with the duration of exposure to chrome mist, dust, and fumes. With the above objectives, 66 and 64 workers were examined from the sodium dichromate manufacturing industry and chrome plating industry, respectively.

All the workers were males and of the adult age group.

It was observed that the percentage of workers with a duration of exposure of 0--5 years was more in the sodium dichromate manufacturing industry as compared to the chrome plating industry, as shown in [Table 1](#T1){ref-type="table"} while it was vice versa with an exposure duration of 10+ years. It was also observed that the number of workers decreased in both the processes with an increase in the duration of exposure. These findings are concordant with that of other studies conducted at different places.\[[@ref3][@ref4]\]

It was observed that nasal irritation and rhinorrhea were the most commonly found symptoms in both the sodium dichromate manufacturing industry and chrome plating industry, respectively, as shown in [Table 2](#T2){ref-type="table"}. Only 6.06% and 3.12% of the workers had skin ulcers in the sodium dichromate manufacturing industry and chrome plating industry, respectively. Similar results were reported by Sadhra *et al*.,\[[@ref5]\] Kornhauser *et al*.,\[[@ref6]\] and Budhwar *et al*.\[[@ref7]\] from their separate studies. There was no worker with symptoms of irritation or rash in the skin, change in the character of voice, or loss of sense of smell.

It was observed that 69.69% and 56.22% of the total examined workers had disorders of the nasal mucous membrane in the sodium dichromate manufacturing industry and chrome plating industry, respectively, as shown in [Table 3](#T3){ref-type="table"}. There were 42.42% and 28.11% perforation of the nasal septum in the sodium dichromate manufacturing industry and chrome plating industry, respectively. Results were concordant with that of several studies conducted by Naik *et al*.,\[[@ref2]\] Stren *et al*.,\[[@ref8][@ref9]\] and Lin *et al*.\[[@ref10]\]

The distribution of workers according to disorders of the nasal mucous membrane and duration of exposure is shown in Tables [4](#T4){ref-type="table"} and [5](#T5){ref-type="table"}. Perforation of the nasal septum was found in workers with an exposure of 3--4 months while it was not found in workers even with more than 10 years of exposure; so there is no obvious relationship of nasal septum perforation with the duration of exposure. However, Lin *et al*.\[[@ref10]\] found that the period of exposure was associated with adverse effect but Basketter *et al*.\[[@ref11]\] and Wash\[[@ref12]\] explained that the threshold level was more important in occupational exposure to chromium. Variation in results of the present study was probably due to this fact.

It was observed that hand washing with soap and water was done by all workers in both the processes as shown in [Table 6](#T6){ref-type="table"}. As per Petts *et al*.,\[[@ref13]\] experience in working with toxic hazards in the industry would have made the worker more aware of the possible health hazards and protective measures. About 48.48% and 90.62% of the workers were using hand gloves in the sodium dichromate manufacturing industry and chrome plating industry, respectively No worker was using protective clothing or barrier cream in the sodium dichromate manufacturing industry while 40.64% and 12.50% used protective clothing and barrier cream, respectively, in the chrome plating industry. It was partly due to nonprovision of protective measures by the management and partly due to lack of awareness among workers about the usage of protective measures. The Health and Safety Network drew a conclusion similar to the Occupational Safety and Health Association (OSHA)\[[@ref1]\] and Rastogi *et al*.\[[@ref14]\] regarding the exposure to chromium.

###### 

Distribution of workers according to protective measures used
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CONCLUSION {#sec1-5}
==========

Workers engaged in chromium manufacturing and chrome plating are at a great risk of skin and mucous membrane disorders including chrome holes and nasal septum perforation. Protective measures and awareness of the management and workers about the exposure hazards and safeguarding against them will be useful public health measures to prevent these occupational hazards among workers engaged in these processes.
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